In this study, pKa values of penicillamine and captopril were determined in aqueous solution. These studies have explored different systems, and different aspects of the computational methods used to estimate pKa. It was found that the calculation of the relative values of pKa for acids of moderate strength is possible by using simple ab initio or density functional theory (DFT) methods. Basis set at B3LYP/6-31+G(d) level of theory was used for calculation. Tomasi's method was used to analyze the formation of intermolecular hydrogen bonds (IHB) between the existent species and water molecules. Excellent agreement was obtained between the calculated and experimentally determined values.
INTRODUCTION
Thiol containing compounds such as penicillamine plays an important role in protecting biological systems against oxidative stress (Gupte and Mumper, 2007) . Penicillamine is an active molecule related to natural amino acids that has been used in the treatment of Wilson , s disease and other cases of metal toxicity. In contrast to the protein-forming amino acids which are present in the L form, the natural form is D-penicillamine, the L and DL forms being both toxic and non-active. Due to the presence of a sulfur atom in the thiolate group, penicillamine is also a good ligand to coordinate soft metals such as Pb, Hg, Pd or Pt. This possibility of binding led to the administration of penicillamine together with platinum antitumor drugs, to reduce their nephrotoxicity. However, the interest of penicillamine as a ligand can be extended to its several possibilities of coordination. The molecule of penicillamine, together with its zwitterionic form, has the three functional groups ).This molecule usually forms bidentate complexes by coordination of N and S atoms but the formation of monodentate (S), tridentate (N,O,S) or tetradentate (N,O,O,S) complexes can't be ruled out. The sulfur, nitrogen or oxygen atoms can also act as a bridge between two or more metallic atoms (Cervantes et al., 1998) .
Captopril is a white or almost white crystalline powder. It is freely soluble in water and in methanol, and may have a characteristic sulfide-like odour. Captopril is an angiotensin converting enzyme (ACE) inhibitor. This medication work to block an enzyme system, which causes artery walls to relax, reducing blood pressure. Relaxing the arteries, and as a consequence lowering of blood pressure, improves the pumping efficiency of a failing heart and improves cardiac output in patients with heart failure. Other uses of captopril have also reported including, decreasing high blood pressure caused by blood vessels in the kidneys, decreasing symptoms of cystinuria, reducing rheumatoid arthritis symptoms, treating Raynaud's phenomena and progression of kidney disease in peoples with diabetes. Captopril is generally well tolerated and some side effects are reported for it. A dry, persistent cough has been reported with the use of captopril and other ACE inhibitors. Coughing resolves after discontinuing the medication. Other side effects include abdominal pain, constipation, diarrhea, dizziness, fatigue, headache, loss of taste, loss of appetite, nausea and vomiting, easy bruising or bleeding, chest pain, chills, difficulty breathing, severe dizziness or fainting, fever, numbness or tingling in the hands or feet, rash, and a sore or swollen throat. In rare instances, liver dysfunction and skin yellowing (jaundice) have been reported with Captopril. Captopril (1-(3-mercapto-2-methyl-1-oxopropyl)-l-proline) with a thiol (SH) functional group was shown that it may also act as a scavenger of free radicals in living systems. Several methods have been applied for the determination of Captopril, including high performance liquid chromatography, photometry, fluorometry, capillary electrophoresis, flow injection analysis (FIA) and sequential injection analysis (SIA) (Shahrokhian et al., 2005) .
One of the most important physicochemical properties of small molecules and macromolecules are the dissociation constants for any weakly acidic or basic groups, generally expressed as the pKa of each group. This is a major factor in the pharmacokinetics of drugs and in the interactions of proteins with other molecules (Lee and Crippen, 2009) . Different experimental procedures are frequently used for the determination of acidity constants. For example, high-pressure liquid chromatography, liquid-liquid partition, and methods that involve potentiometric titrations or spectrometric determinations in water or in mixtures of solvents. The determination of the ionization constant by UV-Vis spectrometry is more time-consuming than by potentiometry . g r o . s l a n r u o jg . www However, spectroscopy is an ideal method when a substance is too insoluble for potentiometry or when its pKa value is particularly low or high (Sharifi et al., 2007) . Experimentally determined pKa values are not always available from literature sources and often estimated values are employed in their place. Therefore, it is of interest to develop methods for estimating the pKa of ionizable compounds and use these methods to predict (Citra, 1999) .The theoretical prediction of pKa values continues to arouse a considerable amount of interest, and there have been many studies on this topic within the last 2 years.
This study deals with the influence of terms such as the Self-Consistent Reaction Field (SCRF) model used, select of a particular thermodynamic equation, atomic radii used to build a cavity in the solvent (water), optimization of geometry in water, inclusion of electron correlation, and the dimension of the basis set on the solvation free energies and on the calculated pKa values. In this way, pKa values of penicillamine and Captopril (see figure 1) were determined in aqueous solution by an ab initio method and at 25 °C. To illustrate the acidic equilibrum constants determined, we studied the molecular conformations and solutesolvent interactions of the cation, anion, and neutral species of penicillamine and Captopril, using ab initio and DFT methods. 
Penicillamine Captopril

COMPUTATIONAL METHOD
In present work, the optimized geometries of the initial molecules and the practical numbering system adopted for performing the calculations by the semi empirical PM3 method were included in Hyper Chem program (Kiani et al., 2010) . All the geometries of the initial and solvated molecules in water, were optimized with the Gaussian 98 program packages using the B3LYP/6-31+G(d) methods and the default convergence criteria (Frisch et al., 1998) .To explain the solvent effects on all species involved in the selected ionization equilibrium, the polarized continuum model (PCM) of Tomasi et al. was performed (Miertus and Tomasi, 1982) . Furthermore, to shed light on the experimental pKa values of penicillamine and captopril in water, several conformers were tested by the program, but some of the conformers were not considered further because the estimated errors in its acidic dissociation constants was unacceptable. Finally, we selected the solvated species that involve one molecule of the mentioned species (see tables 1 and 2).
RESULTS ANDDISCUSSION
The penicillamine and captopril drugs have tendency to lose three and two acidic hydrogen, respectively. For Captopril, a proton can be lost from the carboxyl or ammonium groups which carboxyl group is more plausible than ammonium group in removal of proton. Therefore, the concept of microscopic ionization constants, k1 and k2 may be applied, where k1 for the carboxyl proton is:
and k2 for the ammonium proton is:
It can be shown that the first ionization constant (K1) of a dibasic acid is the sum of k1+k2 and the second ionization constant (K2) is (k12·k21)/(k12+k21), where the subscript 21 related to loss of proton 2 following loss of proton 1 and subscript 21 denotes loss of proton 1 following loss of proton 2.The chemical commentary of the changes is not straightway, even though from model compounds the carboxyl proton is predicted to be the most acidic. Calculations involving the microscopic constants indicate that g r o . s l a n r u o jg . www the first and second ionization constants correspond to removal of the carbonyl and ammonium protons, respectively but it is not completely exclusive. It can be exactly defined by NMR spectroscopy (Laitinen and Harris, 1975; Rabenstein and Sayer, 1976) .
The different models of molecules were surveyed by the G09 program. According to eqs. 1 and 2, the different reactions including cationic, neutral, and anionic species were investigated, but some reactions were not considered further because the estimated errors in their acidic dissociation constants were unacceptable. The models finally selected for the studied system and the calculated values of the acidic dissociation constants for different drugs are listed in table 3.
Solvent-Solute Interactions
Ionic Product of Water: It is well-known that all aqueous solutions contain hydrogen (H + ) and hydroxyl (OH -) ions. In pure water these ions are derived completely from the ionization of the water molecules:
Considering that the H + ion is hydrated, appearing predominantly as H3O + , the autoprotolysis of water is better represented by the following reaction:
Taking into account that water is only slightly dissociated and to simplify the discussion, we shall make the approximations of replacing the activities in acidity constants by the numerical values of the molar concentrations. Consequently:
At 298.15 K, Kw=1.008×10 -14 , it shows that only a few molecules of water are ionized (Atkins, 1998) .Conventionally, eqs. 4 and 5 are more used in studies of acid-base equilibrium in aqueous media. On the other hand, the solvation of anions is effective in protic solvents where hydrogen bonds may be formed between the proton of the solvent and the pair of the lone electrons of anion (Jeffrey, 1997) .The total energies of the single and OH -solvated ion have been calculated in water at the B3LYP/6-31+ G(d) level of theory, using Tomasi's model. Considering these facts and to provide a more satisfactory representation of the protolysis of water, the reaction has been shown as follows:
The selected reaction considers that both H + and OH -ions are hydrated by one water molecule. Moreover, indicating with KN the equilibrium constant of the reaction 6 and taking into account eqs. 4 and 5, it is inferred that (Blanco et al., 2005) :
Where [H2O] is the molar concentration of water. Consequently, at 298.15 K, it was calculated that:
The total energies of this drugs, penicillamine and captopril, in the form of single and solvation and by considering their species (cationic, neutral, and anionic) were calculated in water at the B3LYP/6-31+G(d) level of the theory, using Tomasi's model. Tables  1 and 2 summarizes the variations of the total energy (kj·mol -1 ) of the species per water molecule as a function of the total number of the solvated water molecules. Figure 2 and tables 1, 2 shows the marked increases of the total energies of ions when the solvation increases, and it is shown that these solvations are endothermic for both drugs.
The data show that the water, exerting its hydrogen-bond-donor (HBD) capability, forms IHBs with the Penicillamine and Captopril anions (Marcus, 1993) .These hydrogen bonds can be classified as strong, moderate, and weak on the basis of their lengths, angles, and energies (Kiani et al., 2010; Jeffrey, 1997) .
First Ionization Constant of Penicillamine and Captopril:
It was known that penicillamine and captopril suffers a reaction of partial neutralization in alkaline solutions as follows:
For Penicillamine:
In these reactions, H3L + (H2O) and H2L(H2O) are the solvated cation and natural species of penicillamine with one water molecule, respectively. Also, H2L(H2O)3 and HL -(H2O)4presents the solvated neutral and anion forms of captopril with three and four water molecules, respectively. The previous reactions are characterized by equilibrium constants, KC1and Kd1, which were theoretically determined.
By mixture eqs. 4 with 9 and 10, we obtained the reactions of eqs. 11 and 12 which describes the first ionization constant of penicillamine (Kal) and captopril (kb1), respectively. For penicillamine:
It is obvious that:
The above equations were used to specify theoretically the value of the first ionization constant of drugs in water. Tables 4 and 5 It must be noted that in the formation of the solvated neutral penicillamine with one water molecule, the neutral molecules practically had no structure that characterized the solvated cation of penicillamine (figure 3 and table 4).
Clearly, the formation of the penicillamine cation indicates that the electronic density of the O9 atom increases notably (in absolute value) with respect to the O9 atom of the neutral species. Also, O14 atom of captopril anion showed more electron density than O14 atom of neutral species of captopril (tables 4 and 5).
On the other hand, the pKa1 values of penicillamine (1.25398) and captopril (3.48871) theoretically have been obtained which these values approximately are comparable with the experimental pKa1 values (pKa1=1.8 (Penicillamine), pKa1=3.7(Captopril)) (Dean, 1999) .
Second Ionization Constant of Penicillamine and Captopril:
At this point, there is nominated that the neutral H2L(H2O)3 for penicillamine and HL -for captopril suffers total neutralization as follows:
In the above reaction, HL -(H2O)2 and L 2-(H2O)2 signifies the solvated penicillamine and captopril anions with two molecules of water. The reactions described in eqs. 13 and 14 are considered by other equilibrium constants, KC2 and Kd2, which was also theoretically calculated. Combining eqs.4 and 13 or eqs. 6 and 14, the second ionization reaction of penicillamine and captopril were obtained:
The equilibrium constants, Ka2 and Kb2, which characterizes the above reactions, are:
Ka2=KC2×KW
Kb2=Kd2×KN
These equations were used to obtain the value of the second ionization constant of Penicillamine and Captopril in water. Tables 4  and 5 Obviously, the formation of the neutral penicillamine implies that the electronic density of the N6 atom decrease notably (in absolute value) with respect to the N6 atom of the penicillamine anion, and also for captopril it was observe that the negative electronic density of S11 of HL -increase with respect to S11 atom of captopril anion (tables 4 and 5). Also, the pKa2 values of penicillamine (pKa2=8.49097) and captopril (pKa2=9.97341) theoretically obtained agreed well with the experimental pKa2 values (penicillamine (pKa2=7.9) , captopril (pKa2=9.8)) (Dean,1999) .
Third Ionization Constant of Penicillamine:
There is a third ionization constant only for penicillamine, and selected that the anion HL -suffers total neutralization as follows:
In the above reaction, L 2-(H2O) indicates the solvated penicillamine anion with one water molecule. By compound eqs. 4 and 17, we obtained the reaction of eq. 18, which describes the third ionization constant of Penicillamine (Ka3) and which considers the solvation of the Penicillamine anion. Also, it has been determined that electronic density S7 of penicillamine anion (HL -(H2O)) increase with respect to S7 atom of its anion species (L 2-(H2O)) (table 4). Also the pKa3 value of penicillamine theoretically calculated (pKa3=10.57651) is approximately equal with the experimental value determined (pKa3=10.5) (Dean, 1999) .
The molecule of water originated from the acid-base reaction, together with the hydration water molecule of the penicillamine and captopril, and these are the molecules of water that interact with the penicillamine and captopril molecules by means of IHBs. The distances and angles that characterize these IHBs (tables4 and 5) indicate which they belong to the class of weak closely to moderate and moderate IHB. According to references7 and 13, the properties of the moderate hydrogen bonds have the following classification: bond lengths of H···B are between (1.5 and 2.2) Å and the bond angle is 130° to 180°. For weak hydrogen bonds, the bond length and angle are (2.2 to 3.2) Å and 90° to 150°, respectively, and for strong hydrogen bonds are (1.2 to 1.5) Å and 175° to 180°, respectively. The IHB of the all species of two drugs belongs to the weak closely to moderate and moderate (see tables4 and 5, figures 3 and 4).
CONCLUSIONS
In this paper, we showed the feasibility of a theoretical method that uses pH values to determine the ionization constants of penicillamine and captopril. Also, we have shown that these constants can be calculated with an acceptable degree of accuracy. With this purpose, we selected various acid-base reactions that take into account the solvation of the hydrogen, hydroxyl ions, and other cations or anions in protic solvents such as water, which possess a high hydrogen-bond-donor capability. We also observed that for Captopril drug molecules, the two nucleophilic attacks on the hydrogen atoms of the COOH and SH groups by OH -and OH -(H2O), but for penicillamine drug molecules, the three nucleophilic attacks on the hydrogen atoms of NH3 + ,COOH and SH groups by hydroxyl group. The calculations performed at the B3LYP/6-31+G(d) levels of theory using Tomasi's method allowed us to prove that cations, neutral molecules, and anions form IHBs with some molecules of water. It was shown that the calculated pKa values theoretically are in good agreement with the existing experimental pKa values, which are determined from potentiometric titration and UV-visible spectrophotometric measurements.
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